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= (54) Title: METHOD FOR PRODUCING CARBOXYLIC ACID 

(54) %*R<D%fti *JU7H>K(D$iiS^a 

fS| (57) Abstract: A method for producing a carboxylic acid, characterized in that it comprises reacting an oily solution of an alicyclic 
alcohol with an aqueous solution of hydrogen peroxide in the presence of a catalyst containing a compound of a metal belonging to 
Group 6 of the Periodic Table in a heterogeneous solution system. The method allows the production of a carboxylic acid from an 
^ alicyclic alcohol in a high yield with good efficiency under mild conditions with easy, simple, and safe operations without the need 
^ of a solvent removing operation after the completion of the reaction, and the practice of the method is almost free from the adverse 
effect or the toxicity on the environment or a human body. 
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7;^-;H^blt*;v^>i^^ts^i:btli, *i§i? (Org. 

Synth., 5, 9 -11 N Org. Synth., Coll. Vol. 1, 18 -20 N Compt. Rend., 1919, 168, 1324 - 
1326 N J. Chem. Soc, 1942, 559 — 562 N J. Chem. Soc, Perkin Trans. II, 1985, 1677 — 
15 1682) „ Pn&m (Org. Synth., Coll. Vol. 4, 19 -21) >#>^# »J r>A 

(Chem. Ber., 1908, 41, 575^ Chem. Ber., 1922, 55B, 3526 -3536) &&WL{bfflt. b 

20 ztiizMv-c, mm^mmfcTkmte, ^m-vm^^^<^ BLm®.<Dm&m± 

ffi**KYb^Jfc-r^r;i/3— ;i/«^&*;i/4?>K*»ag-rs^i: lilt fit 

^^UTa^S^M^^ffl^^^^^fc^^tLTU^ (Appl. Cat. A, 1996, 
25 135, L7-L11) 0 

1 



WO 2004/011412 ^CT/JP2003/009376 

>wt*mmt2>ji%k&fem£tix^2> mmms 4-13572 o^&m <, 

Ber., 1894,27, 1542 -1546) #^fb3>J £ UTAH^^T^ 

-T>^>^*U^A ^^<b^J £ "T & HJ&(J. Chem. Soc, 1956, 4232 -4237) X i±s M. 

j&mzmM*m^fzmmm&&mx&*), mwi^m.xmmx^^o mm^^m 

t&MW&feT^ ? D A^(Helv. Chimica Acta., 1948, 31, 422 -426. J. Am. Chem. Soc, 
1967, 89, 6691 -6695) £ N £ HMMIh # U t> A (Tetrahedron Lett., 1978, 3689 -3690) 

& *5(Chem. Ber., 1892, 25, 1271 -1277. Chem. Ber., 1892, 25, 2095 -2102. J. Chem. 
Soc, 1909, 95, 166 -171^ J. Org. Chem., 1965, 30, 3768 -3771). £ fl £> (DjjfeX l±M 

MteMvx*mm(D&i&&tf ! &mx&%o ^>is>^=i^jv hmmco^m 
mmtf&Ts mmzmimtLxtr h>mfr^(D%;vtf>m®&)&timm$i%x 
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V^ £ (USP2005183 ^ ft N USP2316543 # BJ3 IB « s ¥ 13-213841 > 

WOP2001-87815 -^-B^ffl#) # N C )Jt © -Sr^B V m£c il N # 

fc±§-n-(J\ Org. Chem., 1983, 48, 1133 -1135. J. Org. Chem., 1993, 58, 5663 -5665). >T 

00-5359 3bjm), zvxmxmbnz&m.wtes ±i;v^>mxi±r^<^. 

10 XT)\sXi±^? h >ih-&mx&&o 

Jfo^T^t? >^^ilt^^il^tlt^?. (#ISBg5 4 - 1 3 5 7 2 

#3§BJ3f±> ±iB© J; 5 mmf^^mT & #> & £ titz %(dx%> 

25 -ox, uffl-&Kmg&i*Tx, m'm^-r^^— ^mx&mm^ h >m^^i^j^^ 

3-;HX{ilSS^ h >MbMMfc7Km7kmm£(Dfcmiz&&%z±fr^mig.X 
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( i ) mm^}is^-)]/®m%mxtemm&>T h >^mmhmm^7Km7Kmm 
tit, mmwmLm6M&mib^&^t$mm(D&&-f, ^-mm^x-Rm^^ 
10 &z.t&!&W(.£irz>73ji/?F>m(Dm&j3mo 

( 3 ) g^^T;i/n-;i/*sTf3— ISSC ( 1 ) 



20 N R 1 t R\ R 1 £ R\ R 1 t R\ R 2 h R\ R 2 R 4 X(± R* £ R 4 (il^^lt 

( 4 ) h >t^rm-^ ( 2 ) 




d) 
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(2) 



. R 1 h R\ R 1 h R\ R 1 ^ R\ R 2 £ R\ R 2 R 4 Xfcfc R 3 £: R 4 &SV^ t^bt 

&3R3g£fl5fftb-t^Tfc«k<. Mt3Cti5>©^{±^miltl~4©7 ? ;i/ar;^ s 
(5) *;i/sK>K* s ^;i/^;i/Kx«±7 , ^if>KT?*scii:*^afc'rs±fB (l 

) 7bM (4) fi!tb*»fc:f3«©*;i/^>K©«i^So 
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£s ffl^^&WSft • fil®^ W6<)#^^^bfe^s £©3l^fb7kfft£^fb 
b<[qj±U b^feitM©^«fcf KiitS c i: ^^DHlfeo c©£5 

&!mm±fe&(D&mi%m-v&mm,^M-?: §&&©-£«:&<, «gBj§#©3iii£ &n 

# M Tr ,R jfo Ml lz it $ tt s ^ fc: & a -r £ i: £ 6 ** ^ v ^ © £ m%. £ ti Z> o 
;i/rr— btfc^ TIB— IKS; (l) x^ti^mM^'r^^— ;vft 5 $? * b < M 
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, R 1 il R 2 N R l fcR s N R x ilR\ R 2 hR\ R 2 £ R 4 XJ± R 3 £ R 4 &2V> K|g^ bT 

— (I) T^Sti^JgagsS^i/ri — ;i/©JMWJ£: ttli N fljjUix s>^p 
:7*y— ;w ^P^>#y — ;k S^p^^y— ;k ^ p^\:r# y — ;k 
s^p^^y — ;k ^ p y ± ; — i/^nT*y-;K ^^d^>t*; 
— ;k ^^Dh'rAy-;K ^^oh'Jr*;-;K sx^d^ h v^y — ;k 

10 ^n^v^^y — ;k s^P^dp-tf-^^y — ;k p^rr^* y — ;k 
s^n^^^fcy— ;k 5>^py ^^rfcy— ;k i/^D-fnij-y-;K S^p 
^- — ;k 1 p^># y — ;k 2-^^;v^^n^>^y- 

;w 1,2 -$^^;iv^p^>*y — ;k 1,3 — ;i/ 
n 1,4 P^># y — ;K 2, 3 -V *3~)\/*/>7 P^># y — ;k 

15 1,2,3 - h u^^;i/^>^n^>^y—;i/. 1,2,4 - h >;y^;i/>>^p^>^y 
— ;k 1,2,3,4-^ h^^^;i/iy^p^>^y—;K l — p^^-tf- 
y — ;k 2— y P^^i^y — ;k 3 -y ^-;t/^ p^ap+j-y — ;k i, 

2 -^^iv^p-sdp-tf-y — ;k 1,3 -^*^;i^>^P'\3rl?v— ;k 1,4 
W\*c^rJ — ;K 1 , 5 - ->*y 3=-;i^>^ p-x^-y-y — ;k 2,3- 

20 ^y^;i/^ p-\dp+hy — 2,4-^y ^l/^P^^+f-y — 1,2,3- 
h'J^^^^D's^y-^ 1,2,4 - h y y ^i^^p^^-Fy — ;w 1, 
2,5- h uy ^i^^P^-tf-y— ;k 1,3,4- h y y u ^=ap^y — 

;K 1,3, 5 - h U y ^l/^p^i^-y — ;k 2 , 3 , 4 - h U y P-\3p 
t>-y-;K 1,2,3,4 -=r h^y^i/^P^-y-y — ;w 1,2,3,5 -7" 

25 ^f;i/^^D^y-;K 1 , 2 , 4, 5 - ^ h 5? y ^ p -x^y — ;w 1, 

2,3,4,5 --^>#y 3^:^ p^^-tf-y — ;k l -y^i/^p^y^y — ;i/ 
x l -y ^i^^p^^y — ;k 1 -y ffyi^^py^y— ;k l-y^;^ 
^p^#y— ;w 1 -y ^^S/^P^^^^y— l-^^i/^n h*r*y 
— ;k i -y ^i/^p h u^^y — ;w 1 -y u=f- h^^#y— ;k 
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;^>^n;tr*;-JK l -^^;u^^n-f nity — ;k l 
-n-y-y— ;k 1 -y^—Jlts? n^^-y-y — ;k 1 -^>^;i^>^ D^\^pi7-y 
5 — ;k 1, 2 D^^rf->^^-— ;i/ N i-^pni/^n^>^;-;K 1- 

^•tfv— ;w $^d^>* ^— i -j])]/#>m, P v l 

*&m-f%z£&x*%, mzm&$ti&%<D-zte-&^&, tib— j&ss (2) t-^ 

R 1 v.O 



15 



20 N R 1 i: R\ R 1 R\ R 1 £ R\ R 2 £ R\ R 2 £ R 4 Xl± R 3 R 4 fcfcSl^ tig^bt 

— JKS; (2) -eg^nsi^^- h>©JW0Ui:bT:&> $Jx.J£s ^^n7^ 

^-^P^±y>s ^^0r*;^ S^p^v^y > N i/^nh*rA; 
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>s 2 -^;i/^D^>#y 1,2 -^^5=-;i/i>^D^>^7 >^ 1,3- 
5 ^/^;i^>^n^>#y 1,4 -^^;i^>^n^>*y > N 2, 3-^^ 
;i/^n^>#y> N 1 , 2 , 3 - h U ^ n^># y > N 1,2,4-hU^ 
^;i^>^ p^>^ y 1,2,3,4 -5P h-5-^^;v^^D^>^y > N l-y?- 

>> l, 2 -^^l/^n^-y-y > N 1,3 -^y^;w>> n^ar-b-y > s 1, 
10 4 -^g^i/S^ n^drtf-y >^ 1 , 5 -^^^;i/^^D^\dp-y-y > s 2,3-^ 
y^v^n-xar-yv 2,4 -^^^;i/^>^n^^-y-y >^ 1,2,3-MM 

^P^P^IJ-y 1,2,4 - h V *^JVi/?n^3ry-; > N 1,2,5-hU 
D^ap-y-y > s 1 , 3 , 4 - h •; * p^-tf-y > s 1,3,5-h 

yy^i/^p'^lJ-y 2,3 ) 4-h'j^f;i/^^D^;>, 1,2,3, 
15 4 h ^^^;i/iy^n^^-9-y 1 , 2, 3 , 5 -=r V * ?-)Vi/>7 u^^r^r ; 

1,2,4,5 h^^^;i/^^D^\^r-9-y > N 1,2,3,4, 5 -^>#*?-)l< 
i/Zu^^-y-; > N l -y^;^^ n^r^ y > s 1 -y ^us^P^^y > 

>^±>;>, I-^^^dFtA^a l-^^i/i/^nh'Jr*;x l 
20 -y^i/Sy^n^ h > s 1 ^;i^>^ d^-v^^^ y > N l-y^;i/ 

^p^^it^^y >\ 1 -y ^;i^>^ u^y^^-ft; > N l -y n^- 
^^r*yx i-^f;v^^n/trA;x l -y ^;v^^n-r 

25 J > s l-^no^^n^v^yx l-ynti/^n^v^;^ 1-^pps^ 
^ n^Jp-y-y >, 1 -^d^e^^ D-^^-y-y > N ->^7 p^># y >- 1 ->b;i/^> 
n^^i^-y >- i -^;i/5}?>^ l -:p-fe^;i/^n^>*y 1- 

fck N ^^d^>^;x Sy^7D^^p-y-y>^ ^^D^\7°^y>. ^p;t^#y 
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#3§l?Bfc::fcV>Tfcfc> _tfBb;fcJ;5i^ S^P&Sjfo^TTN J3i^^T;vrj-;i/ 
5 #fc&T/jN£vv ^^T;i/rr— ;i/^x{*J!i^^ h >mtmm^7km7kmmh 

10 MlbTkmykmWLffl t J±#*g £&&<£5fcT'#tU£^*ig#:©$s tt^^ £ b x m v^ 

mmmxm^ztiZo mmt7km7kmm(Di&&i±, ^(Drnmizm^xmrn^y 

20 &DlZl± 1~80 M% N b< }±30~60M*%©^H^^3l{^fl^ o 

;i/t^lt3.0~30.0iis b<& 3.3—8.0 ^*<DffiB#> £>?li£;ft,3 0 

*^B^^^T»ffl v> & mmwmm 6 ^jgibiirtj & ^ t-fz>$>(Dx& 

25 3ifcmfc4>& < £ &-«©#Jl'fbi^£ W & £ i:^^§ 0 

AYb^tk ^Jil^nAE HM^DA, HM^DA, A^fb^DA. U> 
^DA^ ^PA^TV^E-^A. A^£ U >>A-7jc#n^ ^DAith'J 

>>A-7j<fnt;^^{f ^ti^^s i'oAi, E^lb^PA, 'J>^daim 
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bl>0 

m~Z%>*), mz.l£#>?XTr>M, H^b^>^7*^^>s H^ib^>^x^>, 

XliIiS^h>t^bt o.oooi~20 ^e;1/% n #?3;b<}± o.oi—io ^e;i/%©^ 
15 H^e>M(±*tt?>o 

^0j73^©SjJ&^i-{±x M^s MJSS*± 30~120°C, 

20 b<& 50— 100°C<DlSH"Cff totbSo SlfoffiAfctffrEs ^JDJEEn ^ 
Jil^ ^jETfr^C^aW^b^o 

25 »^*****fcJB«*^3— ^Xttfl&^-Jr h>*»iab N 
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^tttttefciu huIB-^ (1) ©^Si^^n-^S^Hufa-^ (2) 
TiB-J^ ( 3 ) 



R 1 O 



(3) 



IK R\ R 2 ^^R 3 {±HUlBhHClct*^^-ro ) 

10 g;fc. tuIB— AM (1) (DmU^T)\y^i— ;i/&t^— isss (2) ©flings h > 
fciu TfB-$£5£ (4) 




15 ns R\ R 2 &T>* R 3 »tuf3h|qlCmt*^^-ro R 4 tefc:fc;i^^>;i/». ^ 

i(l~4 07WI. ^^Cl~4©T;V=r^r^», j^^m 3 ~ 7 CD n 7> 

— -e&mmte^T^T& <£V^ S/fes R 1 R\ r 1 £ R\ R 1 £ R 4 > R 2 £R\ R 2 
R 4 Xi± R 3 i: R 4 iiSV>{c^lt^lS«bt^t%<fc<s Mfc: £*!,£>© 
20 ili^l~4©7;i/^ j^^l~4©7';i,=iJr^ N JgjRft 3 ~ 7 © 
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*;i/gL Tis¥>m, ¥*V>m, x^V>Ms T^^^>ms -tes^y>Ms tf 
^yz^iJisV^-yW., ^y$^*>*J*>W.^ r*-^# 

2,3 -s>*^-;i/£Oi/*;i/g^ 3,4 -s^^;v- 5 -**v^*y->m, 2, 

4 5 -^-^-V^^r-y->^ 2,3 5 -^-dp V^^ri?->^ 

10 , 2,3,4 - h 5 —*3rV^3cV>WL, 6 - ^V^>I, 2- 

^^;i/T^tr>^ 3 -^^;i/T^if>^s 5 6 -^v^r* >^ 
. 4 6 -3r*v^7# >m, 3 6 —x*v^zr$ >m, 2 

-p<^;b- 6 -yfr3rV^>7 r # 2, 3 - V * )\/7 *J \Z 2,4-^3=- 

)\sTV\Z>W., 4,5-^^f;i/-6-t^V^7 , ^>f, 3, 5 -^3^1/ - 6 
15 -t^VA^yk 2,5 6 -t^rVA7'^>t, 2,3 -S^ 3=- 

6 -^wr* >» N 3,4 - 6 - t^VA^>i, 2,4- 

6 -**rV^Z?$ >WL, 2,3,4 - h V *?-JVTW>m, 3,4,5- 
h V 6 -isr^rV^^-ym^ 2,4,5 - h IM^l/- 6 -^r^cV^y* 

>m, 2,3,4- h U^^-;P-6 -$-*V^7**>m. 2,3,5 - h U *^JV- 6 
20 -^-^V^\r^>^ 2,3,4,5 6 -^-^Va7^ 7- 
*#Vtf-^*>^ 8-^V^t>iv 9-^VrA>i, 10-^V> 
>t-*^>^ ll-^VFrA>^ 1 2-t^rVh'Jr*>^ 1 3 
Vt h ^#>^, 14-/rJrVA>^r*>i, 1 5-^^rVA^r*>i 

25 ^#>^s 1 9 -r^W ^^>m, 2 0-W^3ij->i s 2 1- t=^ 

vF3t>i, 6 -7 ^— 6 -^-^v^^-y->^. 7 -7 ;c-;i/- 6 -;r:*• 
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Ifc «fc DfafcRBjeSftSfcO-Cfcfc&V^ 

1 

H2WO4 (25.0 mg, 0.100 mmol) „ 30%3fflK'fbzkjSzk$8*fc(5.1 mL, 44 mmol) Mi' & 
D ^> * y — ;i/(0.91 mL, 10 mmol) U 90°CT" 20 H#R31K«i bfco RJfoti&T 

fSfiK0!l2 

H2WO4 (25.0 mg, 0.100 mmol) N 30%M@^b7Kill7j<:^$(5.1 mL, 44 mmol) J&TFV 
PU^Z-y-S — ;i/(1.06 mL, 10 mmol)£*g^U 90°Ct 20 b feo Hfl60!l 

15 1 fc|^»©*Sfls£fr^ GLC «fc S^*^=fr^ i: £ 5> TV tf >m©lR^(± 89% 

H2WO4 (2.50 g, 0.010 mol) „ 30%SM'fb7k3fi7j<*§*&(510 mL, 4.4 mol) J&ZFV 9 D 
^3fi*V — ;i/(101 mL l.Omol) ^g-^^ 90 0 CX* 20 B#R88£# b fco 0 °C(3T— B& 

^7jC(20mL)-e^#bfeo 3^4b* U ^7 A 7= > 37* >£R£ffl VnT 5 *&# s MHbf^Jfo 
£^£&^^£i5tggU S^ii^tfofeo T^tf>^©S^^* 5 85%(125 
g, 0.85 mol)©lR4ST?l#f>tlfco 
f£2ff&#J4 

25 H2WO4 (25.0 mg, 0.100 mmol) % 30%fflffi4b;?KffczK$8$ft( 3 . 7 mL, 3 3 mmol) 
M^^O^V^y >(1 • 0 mL, 10mmol)£?g£-U 90°C-C 20 BSJHtfcJfcbfco 

s^T^> MSWiPbfco ^;i/^;vk©ir^% n h^^^u;^7^ 
^y-e^^Wbbfc^fct:^ bt GLc-c^bfefc^^s 

9 8%X*&^tc<, 
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mmm 5 ^ 

H2WO4 (25.0 mg, 0.100 mmol) s 30%3MI'fh;!fCffczk$&$ft(5.1 mL, 44 mmol) IkXfi/ 
2 D^dr+hy >(1.0 mL, 10 mmol) 41^1, 90 20 B#^#bfeo 1 
tmWHDmft&ft^ GLC iC < ):§^i$^fofe^:i5^ TS> fcT>g|CDJfc2*sfc}: 9 9% 
5 T&ofco 
H$fe0»J6 

H 2 W0 4 (2.50 g, 0.010 mol) > 30%3(lgMbzlC3fczk$&$ft( 3 7 0 mL, 3 . 3 mol) R 
^>^D^;>(10 0 mL, 0. 9 6 6 mol)£*Hl^U 90°CT? 20 mmMW 

Lfeo o°c afi^waifc. =f#e>tbfe?g^^MH 

10 3?!{c:£ t) 3B!IU ^7jC(20mL)T*25fe?#bfeo 3-Mb# U #A5F*>r>*K£fflV>T 
9 2%(1 3 0 g, 0. 899 mol)©J&JfKT!# £ tbfeo 

7 

H2WO4 (25.0 mg, 0.100 mmol) ^ 30%3a®rtizk3&7jC$S$S( 3 . 7 mL 3 3 mmol) 
15 JBLTf*/47W\7# S >( 1 . 2 mL, 10 mmol)^I^b^ 90 20 B#H§*1J£ bfc 

« mmm 1 ^i^cfs-fi^TM glc j^^b^t ^ y >^©i& 

^{±8 l%T"&ofco 
H»J8 

H2WO4 (25.0 mg, 0.100 mmol) . 30%3flK'fb7k5RzKS*( 3 . 7 mL, 3 3 mmol) 
20 ^TJ^^D^^y >( 1 . 3 mL, 10mmol)*I^L> 90 °C"e 20 B^tl^ L fc 

o ^n^j 1 k.m&<DHkft&ft^ glc t:«ts^«*ff x^y >^©i& 

itmm 1 

mte0>J2 i/ 2 u ; — ;vfcftit s t-> r ^-;i/7';i/n— ;K3mL) 

25 fcSSfrbfcS'^P^^f-tfV — ;i/(1.06mL, 10 mmol) W ^— ^M^T©^ 

4bMjfo£i«m£^bfcJi#TfTl^ glc fc<fcS^**fr^fei:ii5^ TS>fc: 
>g*©i&3M±5 2%T*&ofc 0 
i£$St#| 2 
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